Effects of a prospective antitumor agent, 1,4-bis(2'-chloroethyl)-1,4-diazabicyclo-[2.2.1] heptane diperchlorate, on cultured mammalian cells.
The effects of 1,4-bis(2'-chloroethyl)-1,4-diazabicyclo-[2.2.1] heptane diperchlorate (CBH; NSC 57198) on cell viability, growth, progression through the cell cycle, survival, and differentiation were investigated in suspension cultures of murine lymphocytic leukemia (L1210) and erythroleukemic (FL) cells and normal human lymphocytes stimulated with phytohemagglutinin (PHA) and in adherent cultures of Chinese hamster ovary (CHO) cells. CBH was equally cytotoxic toward stationary and exponentially growing CHO cells. Cell viability was diminished by 50% following 24 hr exposure to approximately 50 micrograms CBH per ml. Treatment of quiescent human lymphocytes for 24 hr with up to 100 micrograms CBH per ml did not appreciably diminish cell viability though the subsequent stimulation of such lymphocytes with PHA was inhibited in a dose dependent fashion. L1210, FL cells, and PHA stimulated human lymphocytes were equally sensitive to CBH, 50% inhibition of growth was obtained following 24 hr treatment with 25 micrograms CBH per ml. Incubation for up to 48 hr with CBH did not result in differentiation of FL cells to mature hemoglobin containing cells. Constant exposure of L1210 cells and PHA-stimulated human lymphocytes to 10-50 micrograms CBH per ml resulted in accumulation of cells in G2 + M phase; higher drug concentrations resulted in cell arrest in mid to late S phase and G2 phase. A short 1-hr pulse of the drug resulted in a transient accumulation of L1210 cells in S and G2 phases. However, cells recovered from a short pulse of drug and by 48 hr, both cell proliferation and the cell cycle distribution appeared normal. A detailed analysis of cell cycle progression of L1210 cells in the presence of the drug indicated that the duration of G2 phase was extended at low concentrations (10 micrograms/ml) while the transit of cells through S was retarded with subsequent accumulation in late S and G2 phase at higher (50 micrograms/ml) concentrations. Concomitant with cell arrest in S and G2 phase an increase in cellular RNA content indicating unbalanced growth was observed. This state of unbalanced growth was reversible in cultures exposed to a 1-hr pulse of up to 100 micrograms CBH per ml; cellular RNA content returned to control values by 48 hr. No effect on nuclear chromatin as assayed by acid denaturation was observed. Though the exact mechanism of drug action is not known, the data are not incompatible with the drug acting as an alkylating agent.